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NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely related

Government procurement operation, the United States Government there- .

by incurs no responsibility nor any obligation whatsoever; and the fact
that the Government may have formulated, furnished, or in any way sup-
plied the said drawings, specifications, or other data, is not to be re-
gardedby implication or otherwise as in any manner licensing the hold-
er or any other person or corporation, or conveying any rights or per-
mission to manufacture, use, or sell any patented invention that may in
any way be related thereto. '

The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Jidge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson Air
Force Base, Ohio, be promptly notified of any apparent conflict between
the Government’s proprietary interests and those of others.

The U.S. Government is absolved from any litigation which
may ensue from the contractor’s infringing on the foreign patent rights
which may be involved.
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FOREWORD

This report was prepared by D. P. Jensen and J. F. Young
of the Douglas Aircraft Company, Inc., on Contract No. AF33(038)-
23304, RDO No. 606=56, "Emission Spectroanalytical Procedures".
The project was administered under the direction of the Materials
Laboratory, Research Division, Wright Air Development Center,
with Miss N. E. Funkhouser acting as project engineer.
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ABSTRACT

The influence of one alloying element upon the spectral line
intensity of any other alloying element was subjected to Investi-
gation in the D. C. Arc. The study was carried out by making homo-
geneous metallic alloys in an induction furnace., Manganese, sili-
con, nickel, chromium, molybdenum, vanadium, aluminum and copper
were used as the alloying elements in an iron matrix, with percent-
age magnitudes commonly found in low alloy steels. It is concluded
that: '

(1) The only influence which could be attributed to any of
these elements was that of copper upon the line intensity of

manganese.

(2) Oxygen contained within the metallic sample has a marked
influence on the spectral line intensity of chromium.

(3) Some other element or elements not included in this.

investigation such as carbon, sulfur and/or phosphorus

affects the line intensities of nickel, silicon and manganese.

(L) Alloys can be melted in an induction furnace without

change in chemistry by employing the proper techniques.
PUBLICATION REVIEW

Manuscript Copy of this report has been reviewed and found
satisfactory for publication.
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Colonel, USAF
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INTRODUCT 1ON

There have been many sttacks on the probiem of the Influence of one
element on the other. 1.2.3. It might be salid that there are aimost as
many answers as attacks fo The-problem.

Brode and Timma have suggested the possibllity of establishing an
ordered arrangement of elements, as in the electromotive series, with the
indication that any element might have Its |ines depressed or enhanced by
elements above or below it In the series. On the other hand numerous excep-
tions to such a series have been found by other writers. Ouffenback, Wiley
and Owens,l/ for instance, report that sodium, potassium and magnesium were
each found to depress the relative intensity of each of the others.

It Is readily apparent that the results will depend a great dea!l on
whether the sample is volatiiized to completion, and in what chemical form
the elements are present. In some of this previous work the method is not
made clear (QTS. whether or not sample is volatilized to completion), and
most of It had been made on varlious salts of the metals. Most of the
writers acknowledge the effect of the anions on the relative line intensl-
ties, but there Is aiso the Iikelihood that the chemical form may also
change the influence of one element on the Iine intensity of another.

It was felt that for a real ly basic approach to this problem that ele-
ments In their elementary state should be used. Wwe also wished to find the
most reproducible D.C. arc method possibie so that it could be readily
standardized and applied to other work.

It was our attempt to see if & series such as that proposed by Timma
and Brode could be established on elements as they occur In steels,

In order to do this it was necessary to make synthetic meits with
iron as the matrix eiement. These melts must not only contain each element
as the only alloying element, but also in combinetion with each of the
other elements, '
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SECTION |

SPECTROGRAPHIC METHODS AND TECHNIQUES

le Film Process{gg and Callibration

All spectrographic film used in pursuance of this program has been pro-
cessed and calibrated by methods in regular use in this laboratory.

Eastman D=1G developer is stored in 250 millillter brown bottles until
ready for, use. Immediately prior to using, it is poured into the developer
tray and cooled to 65°%0.1°F. The film Is developed for three minutes
being rocked in an A.R.L. developing machine, It is placed in Sb l-a acetic
aclid short stop solution for thirty seconds then fixed for five and one half
minutes in an F=5 fixing bath,

The film is washed in an A.R.L. film washer for five minutes, the out=-
let of which is obstructed so as to keep the washer full of water. The film
Is turned end to end once at the middle of this washing period. The film is
rinsed with distilled water and the excess water shaken from it, It is then
wiped on both sides with a damp chamois skin. The film is shaken complete-
ly dry, then placed in an A.P.L. film dryer with the heater and biower on
for one and one-half minutes. After coollng for about ten minutes the film
is ready to place on the densitometer and the transmissions of the proper
spectral lines determined.

For all of the quantitative in the first order, Eastman Kogak Spectrum
Analysis No. 2 film is used due to Its negligible change in contrast with
wave length. In this laboratory the contrast Is calibrated by use of a ro-
tating stepped sector, but the same method can be applied to the use of a
neutral stepped filter,

In either case a steel bar Is exclited by means of a spark type exclta-
tion as outlined in the point-to=plane analysis of steels. It is standard
practice in this laboratory to use a 60 micron slit whenever transmissions
of the spectral lines are to be measured. No pre-spark is used and the fiim
Is exposed for fifteen seconds with the rotating stepped sector or a stepped
filter in the light path, The film Is then processed as outl ined above.

After the film is placed on the densitometer, at least fifty palrs of
lines in the wave length regions used in quantitative analysis are read.
we shall designate the transmissions of the |ines for one step of the sec~
tor or filter T ,that of the other step as T,. These transmissions should
very uniformly ’rou the lowest to highest regdlngs possible.

WADCTR 52-168 2




T, Is then plotted against T_ for each of the lines measured, A pre-
llmina;y curve s obtained (Flgurg I, Page 7) by drawing the best |ine
through thase points. [f we designate the original intensities producing
the transmissions T| and T2, ll and 12 respectively, then

II

e K where K is a constant .

L .

Taking logarithms of both sides

Log Ii -log.Ié = log K

Simply stated this means that the logarithms of the intensities for
T' and T2 have a constant difference,

This fact and the data from the curve shown in Figure |, page 7 , is
used to plot the characteristic darkening curve shown in Figure 2, Page 7.

Using the A.R.L. calculating board we assume a point A (Figure 2) to
the top and right of the calculating board. The transmission T, at this
point can be read off the'siiding vertical log scale supplied with the
calculating board. Starting with this value T, we go to the curve shown
in Figure 2 and get a series of points as follows by finding correspond-
Ing T, for T,

T Ts
Ta Ts
T T.
e ™
Ty ===

This ylelds a series of transmissions T,, TB‘ T., T.e The log of the
original intensities corresponding to these®trafismi8sions wiil each vary
from the preceeding one by a difference of log K. We can therefore plot
points B, C, D, equally spaced along the abscissca (here we use five divi-
sions) and at ordinate helghts on the log scale of Tgs Too Tpe

I more points are desired for the characteristic darkening curve,
a point is selected on the straight line portion of the curve and succeed-
Ing peints plotted from this origin in the same manner as starting from
point A.

WADCTR 52-168 3
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In this laboratcry since the steps of the roteting sector vary frea
one snother by fifty percent, K Is equal to two. Two on the horizeatas!
sliding log scale Is equal to 7.2 divisions on the calculating board
graph paper. Since 5 divisions were a2l lowed to represent iog K then the
log of the Intensity ratios read from this curve will vary from the log of
true intensity ratios by the ratio of 5 to 7.2,

Ordinarily this correction is not made in this laboratory since the
working curves will incorporate it as a constant factor in the logerithms
of the Intensity retios. For the purposes of the resesrch program, howe
ever, true Intensity ratlos wiil be glven,

1t has been found sufficiently accurate to determine the character-
Istic darkening curve only for different emulsion numbers of fllms.

2. Polnt-to-Plane Spark Analysis of Steel

In order to make preliminary analyses of the standards used in thls
program, a polnt-to-plane spark technique was employed. This technique
has been developed over the last several years. It was found early In our
work that at least a thirty seconds pre-spark Is required for steel In
order to obtain reiiable results for manganese. Steels of the fol lowling
types have been analyzed successfully: A.l.S.|. series 1000, 1100, 1300,
2300, 3100, 3300, L0OO, L100, 4300, 5200, 6100, 8600 and 8700.

In this method samples are prepared with elther a Vixen Wizcut file
or on an eighty grit alundum beit. In elther case a flat surface Is pre-
pared at least one quarter inch in diameter. In placing the sample on the
stage this flat surface must be In the same plane as the top of the stage.
The counter electrode Is made from .2L2 Inch special purity graphite. It
is hemispherically tipped by means of an A.R.L. #2380A Cutter. The elec-
trode spacing is set with the sample one miliimeter above the optical axis
and the counter electrode one mm beiow giving a total electrode spacing of
two mm,

The sample is made positive and the counter electrode negative and
excitation supplied by the A.R.L. Multisource as follows: Voltage regu=-
lator on, Initiator continuous and high power, phasing 0-180°, plstol
switch setting | and output voltage controlled at GLO volts. The power
circult is set at 2 microfareds capacitance, 50 microhenries inductance
and 0.l ohms (residual) reslstance. The timers are set so as to pre=spark
the sample for 30 seconds then expose the film for 20 seconds.

WADCTR 52~168 5




The f1Im Is processed as descrited previousiy, and the following [lne
palrs read:

Element wave Length Fe Int. Std Line
Mn 3L60.3 3277.3
v 3110.7 3277.3
Mo 2816.2 3277.3
cr 3118.7 3277.3
3L408.8 (when V is present)
Ni 3L1L.8 3199.5
Al 3082, 1 3199.5
Cu 3274.0 3199.5
s 2881.6 3199.5

Using the characteristic darkening curve described previously, the
intensity ratios of the various lines with respect to the appropriate
iron lines are calculated. From these, percentage compositions are detere
mined by means of curves previously plotted using standards run In the
same manner. These curves have element percentage plotted against the in-
tensity ratio of that element's line with respect to the appropriate lron
"ﬂ.o R

3. D. Co Platform=Arc

The platform=arc used in this research program is essentially that
described by Hasler, Harvey and Dietert.5/

The special type of carbon electrode used as shown In Figure 3 (Pagei0)
allows the sample fo be burned to completion, which is the only possible way
to Insure accuracy in a stationary arc type of discharge.

To insure good sampliing and to make uniform measurements of the load,
very fine filings should be made of the sample. In this laboratory a ten
inch miil bastard type file Is used to obtaln filings from the sample. A
special scoop has been drilled out to accommodate approximately three milii-
grams of these steel fliimgs. Tests have shown that the weights of samples

WADCTR 52-168 6




FIGWRE 3

SPECIAL CARBON PLATFORM ELECTRODE
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taken by thls method show very littie varietion.

" Prior to loading the pietform electrode, it is pre-arced for ten
seconds being made the cathode for this preearcing period. The three miili=-
gram sample of filings is then placed on the platform and the base of the
electrode tapped lightiy to distribute the sampla around the center post,

A drop .of an alcohol sugar solution Is then added. This solution consists
of 30 grems sugar, 100 ml water and {00 ml alcohol. The sampie may then be
dried with a small flame,

~ The electrodes are centered accurately on the optical exis, Vertically
they are one mill imeter above and below the opticel axis, giving a total
electrode spacing of two miilimeters.,

Excitation is supplied by an A.R.L. Dietert Multisource. A rectifier
discharge Is.used, the Multisource settings being as follows: Voltage regu-
lator off, ignitor on strike and low power, pisfol switch on 2 and voltage
300 volts with the power circuit having 60 microfarads capaclitance, L0O
microhenries inductance, and 20 ohms resistance.

A ten percent rotating sector is used to limit the tight coming from
the arc. This amounts to reducing the original light intensity by ninety-
five percent. The arc is then struck and al lowed to burn for eighty seconds
during which time the film is exposed.

The following element |ines are read for low alloy steei:

5132321. wWave Length
Fe 2840.4
Cr 2855.7
Si 2881.6
Mn 33,1
Ni 3012.0
v 3110.7
Mo 219L.0
Al 3082, 1

Celculations are made as in the point-to-plane analysis.

WADCTR 52-168 8




L. Other Types of D, C. Arcs

Verlous eetheds of cepleying the D.Ce sre have busn investigated te
test thelr sultabliities for thls rescarch pregrawm.

The ¢lrat methad lawvesltigatad was o palat-te=plene type. In order to
keep the sample from bocoming hot It wes necesssery to use & discharge of
only one ampere.

The AcR.i. Multissurce was e8t with 60 microfsreds vepesdtanse, 560
microhenrlies Inductance and 150 ohus resistance., The ssaple was then
excited in the same manner as in the poiat-to-plane sperk technlque.

This seme excitation wes used arcling to & roteting elsctrode. The
sample, which was one=heif inch In diemeter, wes mounted on the shaft of
the motor for the A.R.L. socliution excitatien attechment, It was the poslitive
and lower electrede and was rotated at the rate of twenty=-five rpm. The ex=
posure time wes set at forty seconds. This (stter method of excltetion has
the advantage over the point-te-plane In that it continuelly presents a
fresh surface. This reduces the errors due to the inherent tendency of the
D.Cs arc to wander. These errors and the use of the refating arc have re-
caived nore complste attention by Go H. Dieks.&/

To Investigete the possibliities of using filings which are not vola-
tilized to completion, an electrode, which we shall refer to as the "inver-
ted Cone Type®™, was empleyed. This wes a graphite electrods .2L2 Inches In
diameter which had a cons sheped crater driiled Iim one end. This crater
Is filled leve!l with ¢ilings of the sempie, and two drops of alcohol ic sugar
solutlon are adged te reduce the blasting off of perticies by the arc. The
sample eiectrode was mede positive with an anelytical gap of twe millimeters
and the A.R.L. Multlsource settings adjusted to produce a D.C. arc of four
amperes. The sample was srced and the film exposed for three seconds.

SECTION 11

PREFPARATION OF STANDARDS

. Plen

in mak Ing standards for this progrem it was necessary to know the effect
of one element on enother [ndependent of any other element in an lron matrix.
in order tc eccompilish this with 2 minimum number of stendsrds the scheme
of flfty-two elements skovm 8n Table | (Pegefd) was devisad. The thres stan-
derds for sach element with ne extrensous element were to be used to estabe
Iish a curve for Intensity retios within the reange covered, free from the
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LIST OF SYNTHETIC STAT.DARDS SHOWING HOMOGENEITY

TABLE |

AND COMPOSITION

% Composition

 %Composition of

WADCTR 52-168

Sample (Point-to-plane) Extraneous Extranecus Element
Number Element Spectrographic Viet Element (Wet value)
12 Mn .83 .78 .79 «80 None
13 " .39 .3l <36 «37 None
L " .2S .32 220 Mone
! 66 .72 7 .69 Si .92
3 " .57 «57 57 v .22
15 " 3L .36 $35 i .57
16 " .36 .37 .35 35 Cr 76
17 " L3 nn .40 Mo .60
18 " .70 .67 /N Al .56
19 " .23 .23 .21 .22 Cu .63
9 Si .80 .83 .83 .83 None
10 " s .19 s .19 None
" " .18 1.19  1.27 1.23 None
, n o% o% 092 o% Mn .69
7 " oL .Gl .93 RN cr .83
36 " .12 .13 A2 .02 Ni .55
37 " N7 .19 .15 A7 Mo .66
38 " .25 2L 22 s 23 \ 26
39 " <39 <39 «39 L2 Al LbL
w " 025 -23 22 023 Cu .58
33 Ni .52 .53 .51 .52 None
3l " .81 .82 .82 .82 None
35 " 1.37  1.36 1,37 1.37 None
15 " N .58 57 Mn «35
36 n .55 .55 «55 .55 Si .12
L " t.10  1.12 1oL cr .27
L2 " .2, 1.20 1.20 Mo .60
L3 n 1,07 107 1,07 Vv .22
L, " .56 .54 «56 Al <5l
L5 " .98 .C8 1,00 Cu .69
L Cr .8l .82 .80 .78 None
5 " 55 .55 .5l L1 None
6 n 1el3  1.20 147 117 None
7 " .82 »83 .83 .33 Si 9L
8 " .96 256 .96 .96 v .23
l6 " 077 076 076 076 Mn 035
L " 050 51 27 Ni telly
L6 " <65 .65 «39 Mo .59
L7 " .68 .68 .67 .68 Al .63
)48 . o7l «70 -}43 Cu 73
10




TABLE | (Cont'd)

% Composition

Sample (Point-to-piane) Extraneous Extraneous Element
Number Element Spectrographic wet Element (wet value)
27 Mo .66 .69 .68 .68 None
28 " .32 32 <85 .82 None
25 " 1.29 4.30 1.26 | .29 None
17 " 61 «59 .60 Mn 40
37 n 65 Ny .66 .66 Si o7
L2 " .65 +65 69 Ni 1.20
Lé " 57 .60 «5% Cr «39
Lo v .71 .72 .75 v 31
50 n 8L .85 .30 Al .58
5' " 065 066 .66 Cu 068
20 \Y 15 .15 .16 .15 None
21 " .19 19 «20 .19 None
22 " «36 .36 <36 <36 None
3 n 32 «32 . 32 Mn 57
8 " .28 ,28 .28 .28 cr .06
38 " 25 27 26 .26 Si .23
L3 " .22 21 .22 Ni .07
Lo " «30 .31 .31 Mo .75
52 " «30 «30 « 30 Al .66
53 n 20 .30 <30 Cu 57
30 Al Ll U3 _ 43 None
3| " .52 53 «53 «53 None
22 " 1.07 1.07 1.07 None
18 " .55 .57 .56 Mn Tk
o n U5 L2 Ll Ul Si A2
L, " L6 .5l 5l Ni .56
L7 " 62 .63 .63 .63 Cr ’ .68
50 " .58 057 <58 Mo .80
52 n R <66 .66 v .30
5)4 " 03)4 .36 .56 Cu 039
2}4 Cu oh} oh3 ohB oL‘B None
25 " .7l .71 .68 o7 None
26 " 1.02 1.08 1.02 1.02 None
19 " 65 .63 L6l .63 Mn .22
Lo " 58 .57 .57 .58 Si 23
L5 " .67 <70 . .69 Ni 1.00
L8 " .75 .70 o 73 cr .1.5
51 : 69 .68 .68 Mo~ .
5 57 57 57 v . .30
Sﬁ " .ZO «38 «39 Al «36

Note: Those sampies having but two values in the column "% Composition Spectrographic"
are chill cast disks with analyses taken at the outside and center respectively,
all others are crucible cooled heats with analyses taken at the upper right hand
corner, the center and the lower left hand corner rospoctlvtly.
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influence of any extraneous elements. The other standards were to be used
to determine Intensity ratios within this range with the effect of an added
extraneous element. These values could then be compared with the unaffected
values for intensity ratios.

2. Aggaratus

Power for melting the samples was supplied by a 15 K.V.A. Induction
unit manufactured by Lepel High Frequency Laboratories Inc., New York. A
water cooled coil of ten turns made from I/L, inch copper tubing and wound
to fit closely around the crucible was electrical ly connected to the unit,

Both a graphite and a2 fire clay crucibie were tested in connection with
this unit., Using each of these crucibles 100 grams of a Li30 type steel
in granular form was melted. Although the graphite crucible appeared to
prevent the loss of any of the elements In the steel, there was considerable
pick=up of carbon from the crucible. The fire clay was less successful in
preventing loss of the elements due to oxidation, but there was no contamina-
tion of the sample tested. The fire clay crucibie was chosen to be used In
subsequent work since it resulted in no contamination and the percentage loss
In the elements could to a certain extent be anticipated. This fire clay
crucible, manufactured by the Denver Fire Clay Company of Denver, Colorado,
is L inches in height, 2-3/8 inches in diameter at the top and I=1/4 Inches
in outside diameter at ‘the bottom.

3. Sintering and Melting with Metal Powder

Mechanical mixtures of pure iron powder and pure manganese powder were
briquetted at a pressure of 75,000 Ibs/sq in. and brought to white heat in
the induction coil. While analysis of these briquettes showed no apprecl-
able loss of manganese, they indicated that the samples lacked the desired
homogenel ty.

These same mixtures were melted, and in the process lost almost all of
the manganese. Capping the charges with lime had no appreciable effect, It
is belleved that the particle size in these powders (300 mesh and finer) and
consequently large surface area results In a considerable percentage of the
sample existing as the oxide. The manganese would combine with the oxygen
present as oxide and slag off. Since a large part of the oxides probably
exist prior to melting, capping the melt or using an inert atmosphere would
be futile,
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L. Melting with Armco Sheet Iron

in order to minimize as much as possible. the surface presented for oxi=
dation the elements were selected In sheet, bar or lump forme The forms of
the elements were as follows: Iron as 5/16 Inch wide strips of lengths from
1/l inch to 1=3/L, inches cut from 1/16 Inch Armco Magnetic lron Sheet, man-
ganese as lumps of ferromanganese, silicon as lumps of ferrosilicon, chromium
as lumps of ferrochromium, .vanadium as lumps of ferrovanadium, nickel from I/
inch pure nickel bar, molybdenum from 1/16 Inch pure molybdenum bar, aluminum
from 1/16 inch 25 aluminum bar and copper from 1/16 Inch pure copper bar.

5. Techniques Employed in Melting

The crucible is charged with 200 grams of iron. |t is then placed In
the coil, and with a power setting of 3 and a resonance setting of {2 the Lepel
unit is turned on. After approximately 2 minutes and 20 seconds the iron
charge comes to a rolling boil. At the end of three minutes the required amount
of alloying element Is added to the charge and the heating continued for an
additional 15 seconds. The heat 1is then allowed to cool in the cruclble or a
second alloying element Is added in the same manner as the first, whichever may
be the case.

Some deviations from this procedure for the additions of the elements mo-
lybdenum, vanadium and aluminum are necessary. To obtain the desired degree
of homogeneity in the standards containing molybdenum, 1t was found essential
to continue the heating process for forty-five seconds after the addition to
the mol ten iron or to add the molybdenum to the charge before heatings This
latter alternative was found to be necessary in the case of vanadium since the
ferrovanadium could not be forced through the siag layer into the molten iron.
The vanadium would then become oxidized and subsequently give rise to gross seg-
regation in the resulting melt.

The aluminum problem proved more difficult than either of these others.
A |5 second heating period after the addition of the aluminum was found inade-
quate to produce a homogeneous sample. A 20 second period improved this con=-
dition but this was still inadequate., With periods of 30 seconds and longer
the samples were found to contain large amounts of silicon. This was probably
due to reduction of the silica in the clay crucible by the aluminum.

Using heats from 20 second heating perlods, an attempt was made fo homo-
genize them by sosking in a furnace at 2600°F for five hours. This attempt
met with no success.

Acceptable standards containing aluminum were finally made by introducing
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8 pouring method of casting. In this method the aluminum is introduced into

the charge 20 seconds before the end of the heating cycle. Immediately fol=-
lowing the heating cycle the melt is poured from the clay crucible into a

chill mold., This mold consists of a 3/l inch thick steel chill plate and a

two inch length of steel tubing of =3/l inches inside diameter and 2-1/2 inches
outside diameter. This section of tubing is placed upright on the chill plate
and the melt poured into the upper end. It had been feared that considerable
diffioulty would be experienced in pouring these melts due to chilling by the
sides of the clay crucible. This, however, was not the case, since there was
little or no "skull" remaining in the crucible after the melt was poured.

6. Vacuum Melting

The success encountered in using the chill cast method led to the belief
that perhaps N.B.S. wet chemical standard samples could be converted to a form
suitable for spectrographic analysis with chemistry unchanged. By employing
this technique and heating just to the melting point attempts were made on N.B.
S.. standards 30d, 32d and 13S. Subsequent analyses of the resulting melts
showed a loss in manganese content of approximately 15 percent, which Indica-
ted considerable oxidation taking place.

Since a suitable method for this conversion Is considered a very useful
tool for spectrochemical analysis, experiments were begun on vacuum methods
of making the conversion. The first method used consists of partially fiiling
a pyrex test tube with sample, evacuating with a vacuum pump and sealing off
the test tube. (See Figure L) This is then placed in a clay crucible which
in turn is placed in the induction coil and brought to the melting point.
(See Figure 5)

The second method consists of placing the charge directly in the crucible
over which a bell jar is placed and partially evacuated. (See Figure 6)
In this method it is not possible to evacuate the bell jar down to | millimeter
of mercury as in the first method due to the low dielectric strength of the
rarefied atmosphere. To avoid the corona effect occurring at pressures below
approximately 80 millimeters of mercury the melts made in the bell Jar were
held at 120 mi!limeters of mercury.

Steels and stainless steels can be handled by either of these methods ex-
cept for the element titanium, whereas brass can be handled only in the ampule
method. Care must be taken with brasses to heat no longer than Is necessary
to melt them and to avold cold spots on the ampule. These cold spots cause
condensation of zinc with consequent enhancement of distillation from the

brass. This can be partially eliminated by introducing argon at a pressure of
about 100 millimeters of mercury.

Table || gives results of melting various N.B.S. wet chemical standards
by these methods., '
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Figure 4
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COMPARISON OF MELTED N.B.S.
WITH ORIGINAL

TABLE 11

STANDARD SAMPLES
e BeSe VALUES

% Composition

Sample Method of
Number Element Spectro. Bureau of Standards Wet Melting
139 Mn .86 .867 .89 Bell Jar
St .28 «292
Ni «55 563
cr «55 549
Mo .18 178
i21b Mn 1.50 1.52 147 Ampule
Si «55 596
Ni 11.25 A
Cr 17.60. 17.68
Ti o3 416
Cu .10 o2
10iC Mn .65 6L NN Bell Jar
Si .56 «59 ‘
Ni 9.25 9.27
Cr 18,10 18.21
Cu 0'3 I ¥
628 Cu 57.70 57.39 57.22 Ampule
Sn 096 096
in 37.60 31.97
Fe .87 .82
Mn |.27 |029
Si «05 .0L8
Pb 22 «28
Ni «30 27
Al 1.02 97
52C Cu 89.35 89.25 89.29 Ampule
Sn 7080 7085
Zn 2.'0 2. '2
Ni o715 .76
WADCTR 52-168 18




SECTION 111

QUAL ITY CONTROL OF STANDARDS

Heats which had been crucible cooled were cut lengthwise through the
center. Those that were chill cast were cut edgewise through the center.
One face from these cuts was prepared and analyzed by the spectrographic
point-to-plane technique. The crucible cooled samples were analyzed at op~-
posite corners and the center of the sample, and the chill cast samples were
analyzed at one spot on the edge and at the center. Preiiminary tests had
Iindicated that where segregation did occur in this type it tended to be from
outside to center. This was perhaps due in part to the relatively thin

disk (1/4 in. to 3/8 In.)

Preliminary spectirographic analyses were used to establish the following
conditions: (1) freedom from contamination, (2) alloying elements within
desired concentration range and (3) homogeneity of sample. Standards which
satisfled these conditions had millings taken from an entire cut surface for
wet chemical anhalysis. (See Table | Page 7 )

The point-to-plane spark type of analysis was used to check for segrega=-
tion due to the neglible effect of one element on the Iine intensity of another.
A large number of steel samples have been analyzed in this laboratory without
encountering any inter-element affects with the use of this technique. This
same technique has been used to determine segregation in aluminuk alloysﬂZ/

This assumption is also borne out by the good agreement (See Table 1)
between wet and spectrographic values arrived at in this program. The only
discrepancies of any magnitude were In the case of certain values of chromium.
These values have undergone considerable investigation (See Table Ii1) to de-
termine the cause of the discrepancies. These discrepancies cannot be escribed
to any inter-element effect because they occur not only when copper, nickel and
molybdenum are present but when chromium alone Is present., In addition to this,
the same analytical curve is used on production steels which contain all of
these elements, and no discrepancies are encountered.

It Is noteworthy that the same sort of discrepancies appear in the plat-
form-arc type of analysis described In Section v.
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TABLE (1]

REPRODUC IBIL ITY OF PERCENTAGE CHROMIUM VALUES
SPECTROGRAPHIC AND WET CHEMICAL

% Cr Wet

Extraneous
Sample £ cr Referee Perchloric Element
Number Run Spectrographic Method Acld Oxidation Percentage
h "f ) o&l .82 .80 078 .78 None
L 2nd .83 .83 .80 77 *
L 3rd .85 .80 .83 , T8 "
5 Ist 55 55 5L Ll L2 "
5 2nd 55 .54 .55 L2 .
5 3rd .55 .55 .54 Ll »
6 Ist (.13 1,20 (.17 1o l7 1.18 "
6 ond 1,17 1,19 1.21 1,19 "
6 3rd  lol4 1.18 1.20 .16 "
7 Ist .82 .83 .83 .83 .83 st .94
7 2nd .83 .32 .83 .82 "
7 3rd .83 .83 .83 .83 "
3 Ist 96 96 96 .96 .96 ‘ vV .28
8 2nd 095 096 096 096 "
8 Prd 96 96 .96 <95 "
'6 Ist .77 076 076 .76 077 Mn 035
|6 2nd . 76 . 76 .. 76 . 77 "
16 3rd JTJ6 W76 T W76 .76 "
L Ist .50 .5I .27 .25 NI tolh
Lt 2nd 50 .50 .28 n
LL. 3rd 05| -50 027 "
L6 Ist .65 .65 .39 38 Mo .59
L6 2nd .65 .65 37 "
L6 Zrd 65 65 39 "
L7 Ist 68 .68 .67 .68 .67 Al .63
LL7 2nd .68 .68 068 068 "
L7 3rd 67 68 67 <67 n
L8 Ist R4 I (¢ A3 L5 Cu .73
L8 ond .70 .70 N "
L8 3rd L1 W7 L3 "
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SECTION 1V

INVESTIGATION OF THE D.C. ARC

Before attempting to accomplish the purpose of thls research program
it was felt that various types of D.C. arcs should be tried to find the most
reproducible. A preliminary investigation was begun by making several runs
on the same sample (a vanadium steel) by the point-to=plane D.C. are, point
to a rotating disk and the platform arc. The latter was tried with a stream
of air being drawn past the arc to reduce self-absorption of the spectral

{ines.

The results of these runs are shown in Tables IV, V, VI and Vii. The
change in the log of the Intensity Is tabulated rather than the intensity ratio
merely for convenience, |t can be shown that |ines having the same change in
the log of the intensity In the same columns are homologous. From these re-
sults It was decided that except for the point=to=plane arc these methods re-
sulted in approximately equal reproducibilities.

The Inverted Cone Type electrode was used on the standards of this program
which contained siliicon. The results of these runs are tabuiated in Table Vill.

The runs where blanks are shown ylelded spectrograms too light to read.

The discrepancies shown by these runs are too great to al low any evalua-
tion of inter-element effects unless a very large number of runs were to be
made to average out differences.

The erratic behavior of this type excltation can be explained by the
fact that the arc can strike either the edge of the graphite electrode or the
sol id sample indiscriminately. It was, noticed on those runs where the spec~
trograms were extremely light that the arc travelled about the periphery of
the cup for aimost the entire duration of the arcing period.

It was felt that the rotating disk type of excitation was impractical
for this investigation, There was not only the difficulty of machining a
disk from the sample, but there would be very few |ines of high excitation
potential to choose from due to the very low vol tage employed across the Jap.

~ The platform arc type of excitation was then used to set up analytical

curves for all of the elements under consideration by means of the standards
of this program. These curves are shown in Figures L, 5, and 6. ‘
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TABLE IV

LINE INTENSITY CHANGES

FOR POINT TO ROTATING CYL INDER ARC

LlogT_
wave Length Element Run 2 Run 3 Run [
2880.8 Fe -.07 .00 .0l
2881.6 Si -.03 .0l .06
2901.4 Fe -3 .0l .02
2901.9 Fe - 13 .02 .02
2899.4 Fe -. 10 Ol .07
2918.0 Fe - 16 .0l .08
2920.7 Fe -. 15 .00 .02
2923.3 Fe - 10 o]l .0l
2923.9 Fe -3 .03 ]
301L.9 Cr -.19 .03 .16
3L1L.8 Ni -0l .07 .ol

WADCTR 52-168
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TABLE V

LINE INTENSITY CHANGES FOR PLATFORM ARC

| Excitation Alog T
wave Length Pctential Element Run Run 3 Run 1,
2855.7 15.42 cr .02 .10 .15
2858.9 L.L5 Fe .0l .10 .13
2865. | 12.60 Cr o] .08 o3
2867.6 5.93 Fe -.0l B - A
2872.3 5.27 Fe .0l Y A7
2874.2 L.32 Fe -.03 .06 o3
2877.3 5.79 Fe .06 o1 .16
2880.8 13.15 Fe -.05 .07 o3
2881.6 5.08 Si -0l .09 .10
289L.5 6.56 Fe .02 .10 13
2895.2 16.04 Fe .00 .09 NIA
2899.14 6.55 Fe -.03 .08 o6
2901.4 5.83 Fe .02 .10 N
2901.9 6.67 Fe .0l ol .16
3L14.8 3,66 Ni -.03 .05 bl
3415.5 5.85 Fe -.0l .07 ol
2933.0 12.85 . Mn .07 2 ik
3102.3 .10 v -.06 .08 ol
3110.7 11.07 v -.05 .10 .18
3236.8 = 5,97 Mn -.02 .07 a7
327L.0 3.80 Cu .00 .05 3
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TABLE VI

LINE INTENSITY CHANGES FOR PLATFORM ARC

(MOVING AIR STREAM)

ALog I
wave Length Element Run @ - Run Run [
2855.7 Fe 0L .10 .10
2858.9 Fe .09 .12 ol
2865. | Fe .12 Ny .10
2866.3 Fe .16 2L .08
287L.2 Fe A7 .22 .10
2877.3 Fe .08 .12 .10
2880.8 Fe .09 .2 .07
2881.6 Si N 16 .16
289L.5 Fe .13 W13 .12
- 2895.2 Fe .10 .13 AL
2899.4 Fe .07 o1 o
2901.4 Fe o bl o .13
2901.9 Fe .09 ol .15
3L14.8 Ni .10 .21 ot
3L15.5 Fe .07 .07 .10
2933.0 Mn ol o .06
3102.3 Vv 0L .05 N’
3110.7 Vv .08 .13 i3
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TABLE Vi1

LINE INTENSITY CHANGES FOR POINT-TO-PLANE ARC

Excitation Lo
wave Length Element Potential Run 2 -Run 3 Run H Run 5 Run 6

2858.9 Fe L5 -.03 42 L7 .29 .26
2874.2 Fe L.32 =09 .29 33 .29 .08
2877.3 Fe 5.79 -4 06 A il .29 20
2880.8 Fe 13. 15 -.06 032 .31 o7 .3
289L.5 Fe 6.56 -.05 Ll JLb .27 2L
2895.2 Fe 16.0, - «03 L3 L6 .25 .21
2899.4 Fe 6.55 -.03 43 47 2L .27
2001.4 Fe 5.83 =04 Ll L9 .31 .28
2901.9 Fe 6.67 .02 .48 .52 «30 «29
3011.5 Fe 6.88 =08 Ao L3 22 .2
3151.4 Fe 6.66 -.0h L3 43 .22 .29
3153.2 Fe 6.38 -.02 L L3 2L .27
2280.3 Fe 7.08 -0l L3 L7 .23 .29
3291.0 Fe 5.68 .05 .36 L0 .21 2L
2292.0 Fe 7.02 -.05 W Lo .27 .29
3202,6 Fe 5.99 =405 L2 L7 .30 .32
331L,7 Fe 7.05 -0 L2 L 2L .26
3270.8 Fe 6.37 =02 L9 .52 .28 «29
2881.6 Si 5.08 -.l2 16 .33 Ml 2L
2933, | Mn 12.85 05 L2 -l =53  =e20
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TABLE VI

SPECTROGRAPHIC RESULTS OBTAINED
USING THE INVERTED CONE TYPE EL ECTRODE

Sample Run Si
Number % Si Number TF:
9 «83 | 1.86
2 2.66

10 .19 (I 1.148
2 .14

i 1.23 I 1.13

2 2.5

| .52 | 2.03

2 -

7 ‘9“- ' 208

2 2.04
36 .12 | .815

’ 2 .76

37 o7 | 1,27
38 _ .23 I 1.40

_ 2 .88

39 L2 | .63
2 1.27

2 -
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SECTION V

EFFECTS OF EXTRANEOUS EL EMENTS

The most marked effects encountered in this research program are the dis-
crepancies in the analytical curves for low chromium values, This effect is
all the more remarkable in that It was found in the point-to-plane spark type
analysis as well as in the platform arc.

In order to establish this discrepancy in chromium values more certainly,
several of the standards used for ordinary production samples were run. The
values for the chromium percentages and the intensity ratios obtained are shown
In Table IX. These values fit the curve for chromium (Figure 5) very well, so
two of the points marked "x" were used to extend the chromium curve to lower
values.

These discrepancies obviously cannot be accounted for on the basis of
effects caused by elements considered here because the production standards
used contain molybdenum and nickel In various combinations and yet reflect no
influence as compared to standards which do not contain these elements.

There is one thing common to these standards having low chromium values =
they all lack an effective de-oxidizing element. A graph comparing the de-
oxidizing powers of seven al loying elements as a function of their percent
composition at 2000°F is given by the "Committee on the Physical Chemistry of
Steelmak ing A. {.M.E." 8/

In general their effectiveness is in the following order: aluminum, tita-
nium, vanadium, silicon, carbon, manganese and chromium.

L4
It is interesting to note that at approximately 1.0%, the chromium curve
approaches that of the manganese. This may explaln why the two standards con-
taining only chromium at higher values do not exhibit this peculiarity.

In employing the production standards for setting up analytical curves
for the platform arc,it was found that the curve was shifted appreciably from
that obtained by using the synthetic standards of this program. The curve for
the production standards is shown by a dashed line in Figure 4. The nickel
curve for production standards (also dashed line Figure ) al so shows a‘shift
from the other standards. '

Due to a lack of standards In the range involved the shifts in the curves
for the other elements cannot be determined with any accuracy, but the s icon
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TABLE OF VALUES OBTAINED USING PRODUCTION
STANDARDS WITH THE PLATFORM ARC

TABLE X

Element
Invesfigafed

Mn
n

Cr

Percentage
3L
«38
L6
.52
«20
.18
yre
«51
«58
L9

te21

Intensity

Ratio

L6

.19
185

3L
1.30
1.18
2.20

Standard

Number

801

810
802
818
809
805

§E$?'\ﬂ wn e
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curve appears to show a shift as Indicated by the dashed lines Figure Jj ,and
the molybdenum appears to be unaffected by the type of standard used.

it Is obvious that these shifts cannot be eattributed to the offect of
any element considered in this investigation. OUne of the production standards
used (standard No. 801) contained manganese as the only alloying element, yet
It plots on the curve given by the dashed line. Standard No. l,which also
contains manganese only, plots considerably to the right of this curve.

One would expect no effect from mcfallurglcal history to occur in the
platform arc since the sample s melted aimost immedlately thereby erasing any
of the previous physical history.

The most Iikely explanation seems to be that these phenomens are caused
by cerbon or oxygen, which have not been considered in this investigation.

The only el ement effect which appears to have been caused by an element
considered in this investigation Iis the effect of copper on the manganese. The
three points for standard No. 19, which contains copper, are shown in Figure |,
considerably to the left of even the manganese curve for the production stan-
daerds. The 2939.6 manganese |ine was read and its ratio to the iron line
plotted against percent manganese but It gave the same type of curve as the
2933. | manganese with the point for standard No. 19 In the same relative posi-
tion. The likelihood of an unlisted Interference occurring on both manganese
lines is very small. In production there have never been values as high on
copper, so there is no way of further checking this phenomenon. 1!t is not un=
likely that this too could be explained by the influence of carbon or oxygen,

SECTION VI

LINE PAIR INVESTIGATION

Virtually all quantitative work in the past by this laboratory has been
done by the point-to-plane spark type of analysis. As a consequence the line
pairs used with this method have not only been carefully studied, but they have
undergone a rigorous empirical elimination process due to the large number of
steels anal yzed,

. It has been found necessary not only to select lines which are free from
self-absorption and interferences but also to palr them so that the excitation
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potentials are close together. (See Table X) Hasler and Kemp, 9/ Hurwitz
and ConveyﬁL/ and others have also suggested the desirability of selecting
line pairs on this basis.

An investigation of line pairs for the platform arc, however, indicates
no such dependence upon excitation potential. Tables X and X| show no improve=-
ment In reproducibility where the line pairs were well chosen by the above cri-
terion as compared to those which were poorly selected,

SECTION VIi

DISCUSSION AND CONCLUSION

There are a number of effects which might be and have in the past been
termed "influence of one element on the other." Among these is what might
be calied a dilution effect, due to the decrease in percentage of the principal
constituent by virtue of adding an extraneous element. This effect has been '
accounted for in varlous ways by different authors. Il,l2,l3!lg/

Another effect is that due to fractional volatilization of the elements
in the sample. Extraneous elements can affect this by raising or lowerlng
the boiling point of the sample.

The first effect mentioned is not a factor duc to the fact that all the
extraneous elements were considered in concentrations of less than one percent
which Is less than the error inherent in usual spectrographic techniques. The
second effect is practically eliminated by volatilizing the sample to completion.
This effectively integrates the total energy emanat!ng from each of the elements
concerned.

In eliminating these two effects we enhance the posslbillfy of ascertaining
other causes which might give the same effect. Besides, |t was found In this
prooram that this type of arc Is superior to others with regard to reproducibil-
ity. (See Section IV)

Another factor which reduces Influence of one element on the other is the
narrow analytical gap employed. It was found In earller work in this laborstory
that a wide gap tends to enhance the effect of one element on the Line Intensity
of another,
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TABLE X

LINE PAIR RELATIONSHIPS FOR POINT-TO-PLANE

SPARK METHOD OF ANALYSIS

Element Excltation lron Internal Exclitation
Element Line Potential = Transition Stendard Line Potential Trensition
Mn 31,60.3 1277 by - e 3277.3 12.59 4 Dyi/2 <DL, 1,
v 3110.7 o7 rgy - e " " "
6 - .

Mo 2816.2 11.93 D (72 61-'5_'/2 " " "

cr 3118.7 13. 10 ‘o /2" ‘Fl.-i/2 " " i

cr 3),08.8 12,83 ‘o ,_,7,‘9;_ /2 n n "

NI 3tk 3.6L by - 3199.5 3.96 50, <%
Al 3082, | L.0o0 Y »2QJI/2 " " "

Cu 327b.0 3.77 25_ |/2.: 2P|./2 L n "

si 2881.6 5.06 Ip, P} " " "

3L
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TABLE Xl

REPRODUCIBILITY COMPARISONS FOR YARIOUS

LINE PAIR RELATIONSHIPS IN PLATFORM ARC METHOD
Sfate of The Afom
Sample Element Iron Line (1) Normal
Number Run  Element Line Line Ratio (11) Once lonlzed
i 18 Ist  Mn 2933. | 28L0.1 .77 mn 1 Fe |
18 end " " " .80 L n
) 18 '3rd. n n " .82 " "
18 Ist Mn 2033, 1 3196. 1 . <91 Mn 11 Fe |1
, 18 2nd " " " .98 " "
I8 3rd " " " 1.00 " "
R 18 Ist  mn 2801.1  28,0.4 1.18 M | Fe |
| 18 2nd " n " 1.27 " "
| 18 3rd " " " 1433 " "
L7 Ist  Cr 2855.7 28L0.4 .60 cr i Fe |
1 L 2" " " .59 " "
| h? Brd " ”n ] . ] ]
L7 i1st  cr 2855.7  3196. 1 .75 cr il Fe Il
L7 2nd " . n .73 n "
L7 3rd " LA n . " n
52 Ist v 3110.7  28L0.L 1,18 v Il Fe |
52  2nd " " " 1.23 " "
52 3rd " " " 1.22 " "
52 Ist v 3110.7 3196. | 149 Y Fe 11
52 2nd L n n '.L‘B ” n
52 3rd " n n .49 n n
TABLE X11
LINE PAIR RELATIONSHIPS
FOR PLATFORM ARC METHOD OF ANALYSIS
Etement Lline Excitation Potentlal Transition
28L0.L Fe | L.Lo 50y - 565
3196.1 Fe || 13.32 YParsz = P02
2933.1 Mn 1| 12.78 532 - 5p°
2801.1 Mn | L3 6Semife = 010/
2855.7 Cr 11 12,54 o112 - 66,92
3§10.7 V 11 11.07 SFy - 56,°
2939.3 Mn 11 12.77 5s, - p,°
35
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In addition to these considerations, it is generally beileved that elements
occurring in smail quantities (less than one percent) have no effect on the
line intensity of other elements,‘l%/ so It would have been expected in this re=
search program that no inter-element effects would be encountered. We used
these quantities, however, since they represent the magnitude of percentages
ordinarily found in low alloy steel, In the elements studied, i.e. chromium,
manganese, silicon, nickel, molybdenum, vanadium, aluminum and copper, the results
were almost as would be éxpected. The only effect of any magnitude that might
possibly have been one on the other would be that of copper on the manganese
line, . :

On the other hand, if these effects had not been minimized to the extent that
they were, the much more unusual effects encountered would probably have escaped
us. These effects are: namely, the discrepancies In the chromium line for low
values of chromium, and the shift in working curves for manganese, silicon, and
nickel when using the synthetic standards developed in this program rather than
ordinary steels,

These results are all the more remarkable when it is considered what a small
percentage of extraneous element would be concerned if they are due to the
elements carbon, oxygen, phosphorus or sulfur. Any one of these would be con-
cerned in percentage values less than 0.1, and as pointed out before, 1;/
percentages of extraneous elements less than one percent have been considered to
have little or no effect on othar element |ines,

It seems that the answer to these effects must be found before attempting
a broader approach to the problems It Is necessary in determining other inter-
element effects, elther to hold these factors constant or to correct for them,
With our present knowledge of these phenomena neither alternative is possible,

It is obvious from the foregoing discussion that a series such as that

proposed by Brode and Tlmma‘z/ could not be established on the basis of the
work done here,
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